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(54) Rotary compressor with liquid injection. 

(§7) In a high side rotary compressor (10), liquid 
refrigerant is supplied to the compression 
chamber (C) via a capillary tube (50) and liquid 
injection port (24-2). The liquid refrigerant is 
delivered only after the suction port (20-2) has 
dosed and before chamber pressure exceeds 
the liquid injection supply pressure. 
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„ a J a /. Ked vane or ro »i"9 Piston compressor, the 
vane ,s biased into contact with the cylindrical roller 
or piston. The rolleror piston is carried by an eccentric 
on the crankshaft and tracks along the inside surface 
of the cylinder in a line contact such that the piston 
and cylinder coact to define a crescent shaped space 

Il e i! P „ aCe H T teS abOUt the 3X18 of the crankshaft 
a nd is divided into a suction chamber and a compres- 
sion chamber by the vane coacting with the piston. In 
rolling piston compressors used in hermetic refriger- 
ant systems, it is common practice to use discharge 
gas from the compressor to absorb the waste heat of 

r^ 0randkeepita ^ PteWy ^- ,nrefri 9sratton 
applications or when the input power is greater than 
about two horsepower, heat generated by the motor 

cannot be absorbed by the discha^e gas without sig- 
nificantly increasing the temperature of the gas and 
the windings. 

irt r J-"* W f .? ide r0 " in9 piSton """Pressor the inter- 
ior of the shell is at discharge pressure. Between the 
beginning of the compression stroke and the begin- 

fHZ°l ^ ^ ar9& StTOke ' the tra PP ed volu "« de- 
fined by the cylinder, piston and vane goes from suc- 

.on pressure to discharge pressure. Injection of liquid 
ref ngerant into the trapped volume has several con- 
sequences. Within the trapped volume there is an in- 
crease in mass to be compressed and a decrease in 
temperature due to the evaporation of the liquid re- 
frigerant The decrease in temperature is carried over 

^thedischarge gas thereby helping to cool the motor 
windings. Because an increased mass is being com- 
pressed, there can be a decrease in capacity depend- 
ing upon the specifics of the system. Factors influ- 
encing the capacity include the source and amount of 
•quid injection, whether reverse flow takes place in 
he inject™ port, and what the steady state condition 
is as well as system load and ambient temperature 
To maintain a constant capacity of the compressor^ 
the piston coacts with the opening to uncover a re^ 
stncted opening and thereby permit liquid refrigerant 
injection during a portion of the compression stroke 
but otherwise blocking flow. Injection takes place af- 
ter the suction port is isolated from the trapped vol- 
ume but it is important to prevent backflow in the liq- 
uid injection line. As the pressure of the trapped vol- 
ume increases, it may exceed the pressure in the liq- 
uid injection port because of pressure losses in the 
discharge valve, condenser, and liquid line. Ideally 
the liquid injection port should be closed when the 
pressure in a trapped volume reaches the value of the 
injection port pressure. This point varies with operat- 
ing condition and the flow resistance of the injection 
port mitigates any tendency for backflow 

The mass flow through the evaporator determi- 

S.! e h re !?r 0n ° apacity * the Svstem a"" is 
.mited by the flow from the evaporator into the suc- 
tion of the compressor. So, the liquid injection repre- 
sents refrigerant compressed by the compressor but 



en^rr r hrough the evaporat ° r «« »» no Mb. 

terT™ «! COO ' in9 of tne refrigeration sys- 

! ^ regoi "9 assumes that the liquid injection 
does not affect the compressor capacity and takes 

me^H refri9erant ^ 10 the ^ 'equ£ 
mentof the system and intended to be used for motor 

It is an object of this invention to provide motor 
cooling through liquid injection without changing the 
compressor or evaporator capacity. 

It is another object of this invention to optimize 

222 ton " the " quld injection ™~ 5EE 

and others as will become apparent hereinafter, are 
accomplished by the present invention 

15 stream^ refriflerant f ™ « Point down- 
stream of the condenser is supplied via a capillary 
and injected into the trapped volume only during the 
tZ 2"? th ° trapPed V0,ume is at a 'ewer pressure 

Figure 1 is a partially sectioned view of a com- 
pressor employing the present invention sche- 
matically located in a refrigeration circuit; 

35K V sectional view ,ine 2 - 2 

Ttmctere 8 ^ 6nlar9ed View * the lk » uid injection 

Figures4A-Dshowthecoaction of the piston with 
the liquid injection structure at 90° intervals; and 

Ln nr t V ! 9ram 8hOWin9 the °P timui " 'oca- 
tion of the liquid injection port 

In Figures 1 and 2. the numeral 10 generally des- 
gnates a vertical, high side rolling piston compress^ 
35 10 fe 3 refri 9 era tion circuit serially £ 

35 eluding compressor 10, condenser 70, expansin 

valve 80andevaporator90. The numeral 2 geneZ 
designates the she.) or casing. Suction tube 16 I 
sealed to shell 12 and provides fluid communicauon 
between suction accumulator 14, which fe con,£2 

1 T^ t0r 901 and Suction chamber S. SucHon 
chamber S is defined by bore 20-1 in cylinder 20 p£ 
ton 22. pump end bearing 24 and motor end bj£ 

45 oort i^ ntn ' C . Sh ! ft 40 indudes a P° rtion 40-1 sup- 
45 rece ^ d "ore 24-1 of pump end bearing 

24 eccentric 40-2 which is received in bore 22-1 of 

T Snd b6arin9 28 - 0il ** "P t«be 
so stt^s. ' 8U T 36 from 3 bore in Pertion 40-1. 
! 1 SeCUred to She " 12 bv shrinkfit, welding 

meanS " R ° tor 44 is su *ably s- 
cured to shaft 40, as by a shrink fit, and is located 

w,^n bore42-1 of stator 42 and coacts thereto 

55 £2l V f h nab,e SP6ed m0tor Vane 30 fe b «sed into 
55 contact with piston 22 by spring 31. As described so 
tar, compressor 1 0 is generally conventional 

frinll ? e t PreSent inVenti ° n adds machined liquid re- 
frigerant injection port 24-2 which is preferably 0.5 to 
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1 .3 mm in diameter. As best shown in Figure 3, injec- 
tion port 24-2 is connected to capillary tube 50 which 
is received in bore 24-3. Connecting tube 52 is locat- 
ed within bore 24-4 and surrounds, supports and 
seals capillary tube 50 from the interior of shell 12. 
Connecting tube 52 extends through shell 12 and is 
sealed to capillary tube 50 via seal 54 and is sealed 
to shell 12 via tube 56. As will be explained in greater 
detail below, the liquid injection port 24-2 is located 
such that piston 22 coacts therewith to open and 
close the injection port 24-2 during the compression 
cycle. 

In operation, rotor 44 and eccentric shaft 40 ro- 
tate as a unit and eccentric 40-2 causes movement of 
piston 22. Oil from sump 36 is drawn through oil pic k 
up tub e 34 into bo re 40-4 w hi ch ac ts as a centrifug al 
pump. T he pumping action will be dependent upon 
the rotational speed of shaft 40. As best shown in Fig- 
ure 2, o il delivered to bore 40-4 is able to flow into a 
series of radially^ extendi ng passages, in po rtion 4 0- 
X,_ep^ntnc 4(^2 and^j>ort\or\ 40-3 ex empl ified by 
passage 40-5 in eccentric 40-2, to lubricate bearing 
24, piston 22, and bearing 28, respectively. The ex- 
cess oil flows from bore 40-4 and either passes down- 
wardly over the rotor 44 and stator 42 to the sump 36 
or is carried by the gas flowing from annular gap be- 
tween rotor 44 and stator 42 and impinges and col- 
lects on the inside of cover 12-1 before draining to 
sump 36. Piston 22 coacts with vane 30 in a conven- 
tional manner such that gas is drawn through suction 
tube 16 and passageway 20-2 to suction chambers. 
The gas in suction chamber S is compressed and dis- 
charged via discharge valve 29 into the interior of 
muffler 32. The compressed gas passes through muf- 
fler 32 into the interior of shell 12 and passes via the 
annular gap between rotating rotor 44 and stator 42 
and through discharge line 60 to the condenser 70 of 
the refrigeration circuit 

Referring now to Figure 4A, it will be noted that 
suction chamber S makes up the entire crescent 
shaped space between piston 22 and bore 20-1 and 
marks the end of both the suction and the compres- 
sion processes. In Figure 4B, which is displaced 90° 
from Figure 4A, the suction chamber of Figure 4A has 
been cut off from suction tube 16 and has been trans- 
formed into a compression chamber C while a new 
suction chamber is being formed. Figure 4C corre- 
sponds to Figures 1 and 2 and represents an inter- 
mediate point in the compression process. Figure 4D 
represents the later part of the suction and discharge 
processes which are each nominally completed in 
Figure 4A. 

At the beginning of each compression cycle 
which is best shown in Figure 4B, the pressure in com- 
pression chamber C is less than the condenser pres- 
sure. As a result, liquid refrigerant at condenser pres- 
sure is forced into compression chamber C via capil- 
lary tube 50 bore 24-3 and liquid injection port 24-2, 
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if port 24-2 is uncovered. The liquid refrigerant inject- 
ed into the compression chamber via port 24-2 evap- 
orates, cooling and increasing the mass of the refrig- 
erant in compression chambers C, and disperses. In 

5 comparing Figures 4A and 4B it is dear that liquid in- 
jection port 24-2 is only opened after suction inlet is 
sealed off so that the full volume of refrigerant is pres- 
ent. Similarly, comparing Figures 4C and 4D, before 
the pressure in the compression chamber C reaches 

10 injection pressure, piston 22 closes the liquid injec- 
tion port 24-2 and thereby prevents back flow. 

The specific location and size of liquid injection 
port 24-2 is very important. Specifically, it can control 
how much of the available time the injection takes 

15 place over, the range of pressure differentials over 
which injection takes place, and the amount of refrig- 
erant injected. Ideally, the amount of refrigerant in- 
jected is only sufficient to provide the necessary de- 
gree of cooling. As the components are designed to 

20 operate at elevated temperatures, excess cooling 
gives a net increase in energy consumption due to the 
lower temperature and increased mass flow of the 
discharge gas cooling the motor. The location of port 
24-2 must be such that it is covered and uncovered 

25 by the piston 22 during operation and that it is uncov- 
ered only during the compression process. Prefer- 
ably, the injection takes place over the entire com- 
pression process but because of the reducing pres- 
sure differential during the compression process the 

30 rate of fluid being injected reduces with the advancing 
of the compression process. As a result the injection 
flow rate at the completion of compression process 
will be zero or very small, with perhaps even the ten- 
dency for reverse flow. This is qualified by two fac- 

35 tors, the size of port 24-2 and the time available for 
the injection process. 

Referring now to Figure 5, 0 is the path of the cen- 
ter of eccentric 40-2. The area always covered by pis- 
ton 22 and unavailable for a vatving action by piston 

40 22 is designated by circle P. The annular area be- 
tween circle P and bore 20-1 is available to be valved 
by piston 22. Circle Q represents the position of pis- 
ton 22 when compression chamber C is isolated from 
suction passageway 20-2. Circle R represents the 

45 position of piston 22 when the pressure in compres- 
sion chamber C is equal to the pressure in capillary 
tube 50. It should be noted that circle R is a design 
choice since the pressure build up in chamber C is a 
function of the reduction in the volume of chamber C, 

so the mass flow into the chamber C via tube 50 and the 
pressure of the refrigerant in bore 24-3 or capillary 
tube 50. The mass flow into chamber C via tube 50 
is, in turn, a function of the size of injection port 24- 
2 and the duration of fluid communication. 

55 Point X is a point of intersection of circles Q and 

P. Point Y is a point of intersection of circles P and R. 
Point 2 is a point of intersection between circles Q 
and R radially outward of circle P. Accordingly, the liq- 
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uld injection port 24-2 is located within the area 
bounded by points X, Y f and Z. By placing injection 
port 24-2 within the area bounded by points X, Y, and 
Z, the mass flow into the trapped volume can be con- 
trolled to correspond to cooling needs since it is relat- s 
ed to a point within the compression process and 
helps control when the discharge pressure is reached 
in the compression process. The amount of injected 
refrigerant is therefore controlled and has no effect 
on the capacity on the refrigeration system since the 10 
injection flow can be considered to bypass the evap- 
orator flow and is an additional flow designed to be 
the motor cooling flow. 

Although the present invention has been illustrat- 
ed and described in terms of a vertical, variable speed 1 s 
compressor, other modifications will occur to those 
skilled in the art. For example, the invention is appli- 
cable to both horizontal and vertical compressors. 
Similarly the motor need not be a variable speed mo- 
tor. It is therefore intended that the present invention 20 
is to be limited only by the scope of the appended 
claims. 



Claims 25 

1. In a refrigeration system containing refrigerant 
and serially including a high side rotary compres- 
sor (10), a condenser (70), expansion means (80) 
and an evaporator (90) said compressor compris- 30 
ing: 

shell means (12) having a first end and a 
second end; 

cylinder means (20) containing pump 
means including a vane and a piston coacting 35 
with said cylinder means to define suction (S) and 
compression (C) chambers; 

said cylinder means being fixedly located 
in said shell means near said first end; 

first bearing means (24) secured to said 40 
cylinder means and extending towards said first 
end; 

second bearing means (28) secured to 
said cylinder means and extending towards said 
second end; 45 

motor means including rotor means (44) 
and stator means (42); 

said stator means fixedly located in said 
shell means between said cylinder means and 
said second end and axially spaced from said cy- 50 
Under means and said second bearing means; 

eccentric shaft means (40) supported by 
said first and second bearing means and includ- 
ing eccentric means (46-2) operatively connect- 
ed to said piston; 55 

said rotor means secured to said shaft 
means so as to be integral therewith and located 
within said stator so as to define therewith an an- 



5. 



nular gap; 

suction means (16) for supplying gas to 
said pump means; 

discharge means (60) fluidly connected to 
said shell means; characterized by 

liquid refrigerant injection port (24-2) 
opening into said compression chamber; 

restricted delivery means (50) for deliver- 
ing liquid refrigerant at condenser pressure to 
said injection port 

said piston coacting with said injection 
port to permit delivery of liquid refrigerant to said 
compression chamber for a portion of each com- 
pression cycle. 

The compressor of claim 1 wherein said liquid re- 
frigerant injection port is located in said first bear- 
ing means. 

The compressor of claim 1 wherein said com- 
pressor is vertical compressor. 

The compressor of claim 1 wherein said motor 
means is a variable speed motor. 

The compressor of claim 1 wherein said refriger- 
ant injection port is 0.5 to 1.3 mm in diameter. 

The compressor of claim 1 wherein said liquid re- 
frigerant injection port is located in an area cov- 
ered and uncovered by said piston during each 
compression cycle and is uncovered by said pis- 
ton only when said injection port will be in com- 
munication with said compression chamber and 
when pressure in said compression chamber will 
not exceed pressure of said liquid refrigerant 
which is supplied to said injection port 
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